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Report  No.  8926-147 

Material  -  A^dhesives  -  Structural  -  EC  l660  and  AF-32 
(Mlnne  sota  Mining  and  Manufacturing  Co . ) 

Skydr-ol  500  Hydraulic  Fluid  Resistance 


Abstract : 

Tensile  shear  test  specimens  made  from  clad  2024-T3  aluminum  alloy  sheet 
in  accordance  vl_th  Specification  M11-A-5059B  were  bonded  with  EC  1660 
primer  and  AF-32  adhesive  tape.  The  primer  pre-cure  was  done  at  250®F 
for  30  minutes  a.nd  the  bond  was  effected  by  curing  the  joints  at  350*F 
for  60  minutes  ixnder  a  pressure  of  100  psl.  Peel  test  specimens  made 
from  0.020  inch  thick  by  1.00  inch  wide  2024-T3  clad  aluminum  alloy  also 
were  fabricated  with  the  above  adhesives  and  bonding  processes.  Half  of 
the  specimens  vesre  immersed  in  Skydrol  500  hydraulic  fluid  (Monsanto 
Chemical  Co . )  for  periods  of  up  to  30  days  and  the  remainder  were  stored 
under  ambient  conditions  for  comparison  purposes.  Tensile  shear  and 
peel  test  made  after  1,  5^  10^  15>  25  and  30  days  showed  that  the  Skydrol 
500  hydraulic  fl_uld  exerted  no  significant  adverse  influence  on  bond 
strengths . 


Reference:  Hooper,  A.  F.,  George,  J.  C.,  Keller,  E.  E., 

"Skydrol  500  Hydraulic  Fluid  Resistance  of  the 
EC  3-660  Adhesive  Prime  &  AF-32  Adhesive  Bonded 
Jolnte. "  General  Dynamics/Convair  Report 
MP  58*465/  San  Diego,  California,  11  February 
1959'  (Reference  attached). 
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ABSTRACT:  Tensile  shear  test  specimens  made  from  clad  202^-T3  aluminum  alloy  sheet 
in  accordance  with  Specification  M11-A-5059B  were  bonded  with  EC  l660  primer  and 
AJ"  32  adhesive  tape.  The  primer  pre-cure  was  done  at  250“F  for  30  minutes  and 
the  bond  was  effected  b^  curing  the  joints  at  350 ’F  for  60  minutes  under  a  pressure 
of  100  psi.  Peel  test  specimens  made  from  0.020  inch  thick  by  1.00  inch  wide 
2024-T3  clad  aluminum  alloy  also  were  fabricated  with  the  above  adhesives  and 
bonding  processes.  Half  of  the  specimens  were  immersed  in  Skydrol  500  hydraulic 
fluid  (Monsanto  Chemical  Co.)  for  periods  of  up  to  30  days  and  the  remainder  were 
stored  under  ambient  conditions  for  comparison  purposes.  Tensile  shear  and  peel 
tests  made  after  1,  5,  10,  15#  25  and  30  days  showed  that  the  Skydrol  500  hydraulic 
fluid  exerted  no  significant  adverse  influence  on  bond  strengths. 
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INTRODUCTION ; 

Skydrol  500  hydraulic  fluid,  a  phosphate  ester  fluid,  has  a  high  solver.cy 
power  on  many  organic  materials.  Therefore,  Engineering  Design  requested 
that  test  work  be  performed  to  determine  the  Skydrol  500  hydraulic  fluid 
resistance  of  the  \F  32  adhesive  bonding  system, 

Q^SGT: 


To  determine  the  Skydrol  500  hydraulic  fluid  resistance  of  the  AF  32 
adhesive  bonded  joints  at  ambient  teirperature. 


Skydrol  500  hydraulic  fluid  had  no  significant  deleterious  effects  on 
the  tensile  shear  and  peel  strength  of  the  AF  32  adhesive  oonded  joints 
after  30  days  immersion  at  ambient  temperature. 

TEST  SPr.CT:>{ir!'!.q. 

Fifty-six  (56)  tensile  shear  test  specimens  were  prepared  in  accordance  with 
Convair  Specification  22-00407,  paragraph  3.5. 1>  usin^  the  .F  32  adhesive 
oonding  system.  Surfaces  to  be  bonded  were  pri.:ed  with  ijC1660. 

Twenty-eight  (2E)  peel  strength  test  specimens  were  prepared  in  accordaiice 
with  Convair  Specification  22-00407,  paragraph  3.5.1,  using  -.F  ?2  adhesive 
Dondir^  system.  Surfaces  to  oe  bonded  were  prired  with  EJ1660. 

TEST  FRQGEDURE: 

Twenty-eight  (28)of  the  fifty-six  (5o)  tensile  shear  test  specinens  were 
imersed  in  Skydrol  500  hydraulic  fluid  at  ambient  temperature.  These 
tensile  shear  specimens  were  removed  from  ikydrol  500  hydraulic  fluid 
in  groups  of  four  (4)  after  immersion.  A  group  of  specirens  was  re-noved 
from  Skydrol  500  after  1,  5»  10,  15»  20,  25,  and  "^0  daj  (s)  and  tested 
for  tensile  shear  strength  at  amoient  tenperaturc.  i)up.icato  groups  of 
control  specimens, which  were  not  irjr.ersed,  were  also  ■oestsd  at  1,  3,  10, 

15,  20,  25,  and  30  day  (s)  wit;  '-he  iemersed  specimens. 

Fourteen  (14)  of  ti  e  twenty-eight  (2;:,)  peel  strength  specir.^^ns  were  i  inerced 
in  Skydrol  500  hydraulic  fluid.  These  peel  strength  specimens  were  r.  cved 
from  Skydrol  500  hydraulic  fluid  in  groups  of  two  (2)  after  im.norsion. 

A  group  of  specimens  was  re-oved  after  1,  5,  10,  15»  -0,  25,  and  30  day  (s) 
and  tested  for  peel  strength  at  ambient  temperature.  The  peel  strength  of 
duplicate  groups  of  controls,  which  were  not  irnersed, were  test-_d  at  1,  5,  10| 
15,  20,  25,  and  30  day  (s)  with  the  inmersed  specimens. 
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RESULTS; 

Skydrol  500  hydraulic  fluid  .Mierattly  softened  ti.e  cured  EC  IfaoO 
adhesive  priirer  after  24  hours  immersion. 

The  tensile  shear  and  peel  strength  data  for  the  .^F  32  adhesive  bondnd 
system  are  tabulated  in  Tables  I  and  II,  respectively. 

Skydrol  500  hydraulic  fluid  had  no  significant  deleterious  effects  on 
the  tensile  shear  and  peel  strengths  of  the  AF  32  adhesive  bonding  system 
after  30  days  i-nmersion  at  ambient  tenperature.  Skydrol  500  hydraulic  fluid 
moderately  softened  the  EC  1660  adhesive  pri.T«r  adjacent  to  the  adhesive 
bonded  joints.  No  softening  of  the  EC  16^  adhesive  primer  was  observed 
inside  the  glue  line  on  bonded  joints  during  the  30  day  immersion  period. 

^'he  AF  32  adhesive  bonded  joints  showed  no  evidence  ox'’  Skydrol  500  hydraulic 
fluid  penetration.  Skydrol  500  hydraulic  fluid  plasticized  the  cured  <iF  32 
tape  flash  after  5  days  Immersion. 

DISCUSSION  OF  RESULTS; 

I'he  plasticization  of  the  AF  32  tape  flash  could  actually  aid  in  dispersing 
the  concentrated  shear  load  away  from  the  edge  of  the  bonded  joint.  If 
Skydrol  500  hydraulic  fluid  had  penetrated  inside  the  glue  line  to  any  ex¬ 
tent,  it  would  have  a  deleterious  effect  on  the  load  carrying  capacity  of 
the  bonded  joint.  The  tensile  shear  strengths  of  the  test  speciTiens  are 
well  above  the  2500  psi.  minimum  values  of  the  AF  32  adhesive  bonded  joints 
(MPS  47.16). 

The  test  results  indicate  that  AF  32  adhesive  bonding  system  was  not  dele- 
teriously  affected  'qy  Skydrol  500  hydraulic  fluid  luider  the  conditions  tested. 


NOTE;  The  data  from  which  this  report  was  preps  red  are  recorded  in  Engineer¬ 
ing  Test  Laboratory  Data  dook  No.  9^  and  3032. 
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AF  32  adhesive  tape.  The  primer  pre-cure  was  done  at  250®F  for  30  minutes  and 
the  bond  was  effected  by  curing  the  Joints  at  350®F  for  60  minutes  under  a  pressure 
of  100  psi.  Peel  test  specimens  made  from  0.020  inch  thick  by  1.00  inch  wide 
2024-T3  clad  aluminum  alloy  also  were  fabricated  with  the  above  adhesives  and 
bonding  processes .  Half  of  the  specimens  were  Immersed  in  Skydrol  500  hydraulic 
fluid  (Monsanto  Chemical  Co.)  for  periods  of  up  to  30  days  and  the  remainder  were 
stored  under  ambient  conditions  for  comparison  purposes.  Tensile  shear  and  peel 
tests  made  after  1,  3>  10,  15,  25  and  30  days  showed  that  the  Skydrol  500  hydraulic 
fluid  exerted  no  significant  adverse  influence  on  bond  strengths . 
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